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Abstract

The lessons are: (a) Human cancers certainly respond to immunological manipulations. Efforts at
human cancer immunotherapy are therefore worthwhile. (b) Prophylaxis is very different from
therapy of pre-existing disease, and hence much enthusiasm should not be derived from successful
prophylaxis studies. Even in case of infectious agents against which robust prophylaxis is
routinely achieved, therapy is nearly impossible once the disease has established. (c) Studies with
appropriate cancer models of mice and rats are useful. The notion that it is easy to cure cancers in
mice is generally advanced the most confidently by those who have never cured a mouse of cancer
by immunotherapy. (d) With a nod to James Carville, it is the antigen(s), stupid! We still do not
know the identity of protective tumor antigens. If any lesson can be drawn at all, it may well be
that cancer immunotherapy must move away from the one-shoe-fits-all therapeutic models of
chemotherapy and must move to individualized approaches. (e) All targets are equal, but some are
more equal than others. The key is specificity for cancer. That does not necessarily mean
specificity for cancer cells. (f) Vaccitherapy must be attempted preferably in the minimal residual
disease setting, even though this is certain to be time-taking and expensive. In the setting of bulky
disease, vaccitherapy must be combined with blockade of inhibitory signals, or depletion of down-
regulatory T cells. Inhibition of effector level suppression of immune response is a key.
Vaccitherapy alone or immuno-modulation alone is unlikely to succeed in therapy of bulky
metastatic disease.
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Introduction

Although immunotherapy of human cancer has a record going back well over a century, its
modern era may be said to have begun in the 1980s when new insights into antibody
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Lessons

diversity and into the bases of MHC-restriction and T cell functions began to emerge. Since
it took about another decade before these insights could actually begin to be tested in
patients, we have now had over a decade of experience with treating cancer patients
immunologically. Clear cut clinical successes have been rare as hen’s teeth; however, some
lessons have emerged, and if they are acted upon, there is reason to be optimistic about the
next decade or two.

(a) There is absolutely no doubt that human cancers respond to immunological
manipulations. Efforts at human cancer immunotherapy are therefore worthwhile. A small
number of clinical studies have demonstrated un-ambiguously that immunological
manipulations affect the natural course of disease favorably. The anti-idiotype therapy of B
cell lymphoma was in the forefront of such studies (1), and the wide spread use of the anti-
CD20 antibody for treatment of non-Hodgkin’s lymphoma (2) is a clear example. The
necessity of use of mis-matched transplants for eradication of chronic myelogenous
leukemia (3) remains a solid clinical demonstration of the power of cancer immunotherapy.
Among solid tumors, the durable complete responses elicited by high dose IL2 in patients
with metastatic melanoma (4) and metastatic renal cell carcinoma (5) are two of the early
instances. The enhanced relapse-free and overall survival seen in melanoma patients who
received interferon a, and who developed autoantibodies (6), is another case in point. The
dramatic tumor regressions in melanoma and ovarian cancer patients who were immunized
with autologous vaccines and then received blocking antibody to CTLA4 are powerful
demonstrations of the power of the host immune system to modulate the course of cancer.
The regressions seen upon withdrawal of immunosuppressive therapy in patients with post
transplant lymphoproliferative disorders are yet another example. Collectively, these
examples span nearly the entire gamut of immunological therapies from administration of
antibodies to cytokines to inhibition of negative co-stimulatory effects on T cells.
Interestingly, efforts at vaccitherapy cannot yet be included in this list (discussed later in d).

Each of the examples cited above has its detractors; mainly, that the benefits are seen only in
small proportion of patients, or that the adverse reactions are severe. These are serious
limitations indeed. The point here however, is that these examples, howsoever limited, teach
us un-ambiguously that immunological intervention have the potential to alter the natural
course of human malignant disease. That it has been shown to do so in such limited contexts,
only indicates that our understanding of the immune system and the interplay of the cancers
and the immune system, is quite limited. These examples tell us unmistakably that we are
moving steadily towards successful immunotherapy of human cancers, and that the journey
is not an asymptote.

(b) Prophylaxis is very different from therapy of pre-existing disease, and hence much
enthusiasm should not be derived from successful prophylaxis studies. The impressive
record of successful prophylactic vaccinations against many infectious agents gave many a
false sense of ease with which we shall be able to treat human cancers immunologically.
Lost in translation was the fact that the impressive successes in infectious diseases have been
seen purely in prophylaxis; therapy is nearly impossible once the disease has established.
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Prophylaxis and therapy are, immunologically speaking, apples and oranges, and not too
much comfort should be derived from studies in prophylaxis. Fig. 1 shows the results of a
very simple experiment where groups of mice were injected once with irradiated tumor cells
at various time points prior to or after receiving a live tumor challenge. The data clearly
define the distinct window of time during which prophylactic treatment (days -7 or earlier)
protects animals from tumor challenge; immunizing mice after this time does not elicit
tumor.

Only a very small number of immunological approaches have been (even modestly)
successful in therapy of pre-existing tumor (7-10). The reasons for the profound difference
between prophylaxis and therapy are multi-factorial (tolerance, suppression, micro-
environmental factors) and beyond the scope of this article.

(c) Studies with appropriate cancer models of mice and rats are useful. The notion that it is
easy to cure cancers in mice is generally advanced the most confidently by those who have
never cured a mouse of cancer by immunotherapy. The failures of several advanced human
clinical trials, which were apparently based on solid data from mouse tumors, has lead to a
common “wisdom” that tumors of mice are easy to cure and that human tumors represent an
entirely different beast, to which the lessons from mice do not apply. This “wisdom” is
largely misguided. True, human tumors are different from mouse tumors in at least one
significant way: human tumors have lived in their hosts for long periods of time, in fact
longer than the entire life of a mouse, and hence are more likely to have developed potent
immune evasive mechanisms than most mouse tumors (11). However, the mouse or rat
tumor models which are the bases of human clinical trials, are generally unrepresentative of
the human disease in other mundane ways. The animal studies often show activity in
prophylaxis, and are not tested in appropriate models of therapy (see lesson #b); animal
studies are often done in non-metastatic models, while human disease may be metastatic. It
is important to recognize the information that can, and cannot, be obtained from animal
models. The more sophisticated models of prostate (12), breast (13,14), lymphoma (15) and
other cancers (16,17), have been largely under-utilized in pre-clinical studies.

(d) It is the antigen(s), stupid! This is the central lesson in this article. The ability to identify
T cell defined antigens lead to a great effort to identify the MHC | and I - restricted antigens
on human cancers (see 18 for review). This was followed by a reasonably extensive effort at
treating human cancers (in Phase 1 and Phase 2 trials) by immunizing against these antigens.
Although no randomized Phase 3 trial has been conducted with such antigens, the early
results suggest, at a minimum, that the notion that one could affect an anti-cancer response
by simply expanding the numbers of CD8 T cells against normal self antigens, which also
happen to be expressed on cancers, was a bit simple minded. Immunization with defined
differentiation antigen(s) presented by normal and cancer cells may or may not elicit a
measurable T cell response; however, there is no evidence that a T cell response, when
elicited, translates into a demonstrable anti-cancer effect. (The jury is still out on the cancer
testes antigens, which appear the more promising because of the specificity of their
expression on cancers, and germ line tissues, but not normal adult tissues. See 19 for review)
Regardless of the lack of correlation between measurable T cell response and clinical
activity, extensive monitoring of such responses must remain an integral part of clinical
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studies (see 20 as an example). Indeed, the immunological monitoring of clinical trials needs
to be broadened in scope (to CD4 responses, NK activity, antibody response etc) if we are
ever to understand the immunological correlates to protective tumor immunity (21).

Where are we then with respect to the identity of the protective tumor antigens of human
cancers (see 22)? We do not really know, and it is unlikely that we will know anything with
certainty for some years to come. In contrast to the epitopes shared between normal tissues
and cancers discussed above, another category of truly tumor-specific epitopes has been
defined during the past several years. These epitopes are truly tumor-specific because they
are created by a mutation in a normal gene; these mutations are almost always unique to the
specific tumor in which they are identified [23-35]. Interestingly, in almost every instance
where immune response can be correlated to tumor rejection, the immune response is
directed to these true tumor-specific mutations [23,26,28,29,30-32,35]. Such individually
unique tumor-specific epitopes have been suggested to be created by random mutations
inherent in any cell division (36, N. Srivastava and P.K. Srivastava, personal
communication), and the rates of their occurrence may well be much higher in tumors than
in normal tissues.

These individually tumor-specific mutation-derived epitopes are reminiscent of the
individually unique protective antigens of experimentally induced mouse and rat tumors
(37,38). Are these the true protective antigens of human tumors? The question is difficult to
resolve because of the obvious and necessary constraints on what can be tested clinically.
Regardless, should these individually unique antigens turn out to be the protective antigens
of human cancers, how can that knowledge be translated into a generally applicable clinical
effort? Three avenues come to mind.

Heat shock proteins of the hsp70 and hsp90 family have been shown extensively to
chaperone the antigenic epitopes generated in the cells from which the HSPs are purified,;
the HSPs chaperone the epitope precursors from the point of their generation in the cytosol
to the transporters associated with antigen processing in the endoplasmic reticulum for
loading on the MHC | molecules (39-43). The HSP-peptide complexes isolated from
cancers or cells infected with intracellular organisms such as viruses or intracellular bacteria
have also been shown to elicit potent and protective immunity against the cognate cancers
and infectious agents (see 44 for review). Immunization with such cancer-derived HSP-
peptide complexes carries the distinct advantage that one does not require prior knowledge
of the identity of the antigenic epitopes in order to vaccinate with them. One simply needs to
isolate the HSP-peptide complexes from each patient’s cancer. After a series of Phase 1 and
Phase 2 trials, two randomized Phase 3 trials, one each in stage IV melanoma (45) and
adjuvant renal cell carcinoma (46), have been completed using this approach.

In the melanoma trial (45), 322 patients were randomly assigned 2:1 to receive HSP gp96-
peptide complexes derived from each patient’s autologous tumor or physician’s choice of a
treatment containing one or more of the following: dacarbazine, temozolomide,
interleukin-2, or complete tumor resection. Patients assigned to the HSP arm received
variable number of injections (range, 0 to 87; median, 6) in part because of the autologous
nature of such therapy. Intention-to-treat analysis showed that overall survival in the HSP
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arm is statistically indistinguishable from that in the control arm. Exploratory landmark
analyses show that patients in the M1a and M1b sub-stages receiving a larger number of
gp96 immunizations survived longer than those receiving fewer such treatments. Such
difference was not detected for sub-stage M1c patients, who have the worst prognosis. The
results suggest patients with M1a and M1b disease who are able to receive 10 or more doses
of the HSP vaccine as the candidate population for a confirmatory study.

In the adjuvant renal cell carcinoma trial (46), patients were randomized 1:1 to receive the
autologous tumor-derived gp96-peptide complexes or observation postnephrectomy in an
open-label trial. Recurrence free survival and overall survival were similar between arms in
the intent-to-treat analysis (n = 728). There was a strong positive trend associated with the
gp96 vaccine in earlier-stage (stage | and I1) patients with no baseline disease (n = 240) as
well as in earlier-stage patients with prognostic factors indicating intermediate risk for
recurrence (stage Ib/Il highgrade, 111 T1/2/3a low-grade; n= 362). Given the lack of adjuvant
treatments for renal cell carcinoma and the excellent safety profile of the gp96 vaccine, the
positive results from this trial warrant further exploration of the autologous tumorderived
gp96 vaccine as an adjuvant treatment for this group of patients. These results formed the
basis of approval of the gp96-based vaccine for treatment of intermediate stage adjuvant
renal cell carcinoma, and an application for approval is pending in the European Union.

These results are consistent with the immunologic mechanism of action of HSP-peptide
complexes, indicating delayed onset of clinical activity after exposure to the vaccine.
However, based as they are on retrospective sub-set analyses, they require confirmation in a
prospectively defined patient population, in order for them to achieve the requisite standard
of evidence.

Immunization with RNA isolated from individual tumors is another possible way to treat
patients with antigens corresponding to their individual antigenic repertoires. Transfection of
DCs with mRNA has been reported to be superior to other antigenloading techniques. The
ability to amplify RNA from microscopic amounts of tumor tissue potentially extends the
use of DC vaccination to virtually every cancer patient (47). In phase I clinical trials,
patients with prostate and renal cell cancers have been administered cognate mMRNA-
transfected DCs and a majority of patients exhibited a vaccine-induced T-cell response.
Similar observations have been made in melanoma patients (48).

The most extreme form of individualization of immunotherapy would of course consist of
sequencing of the entire genome of each patient’s tumor, followed by listing of the unique
tumor-specific epitopes and immunization against a panel of such epitopes. With the rapid
and continuing decline in the cost of sequencing, such approaches are not beyond the bounds
of possibility in the near future.

To return to the primary theme of this lesson, and with a nod to James Carville, it is the
antigen(s), stupid! There is little hope that we can manipulate the immune response to
advantage, unless we can harness the protective antigens. At this point, we have little real
knowledge of what these antigens are in human tumors. The protective antigens of all the
mouse tumors where this information is available, are unique mutational epitopes
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(26,28,31,32); the non-mutated antigens of mouse tumors do not elicit protective immunity
(49,50). There are good reasons, and good evidence, to believe that the human tumor
antigens will follow the same pattern. Some of these have been discussed in the beginning of
this section.

The antigens are central in their own right, but also in terms of how they affect the
manipulability of the immune response by other factors. The use of the blocking antibody to
CTLAA4 is a good example. In a remarkable study (51), Hodi et al. infused a number of pre-
vaccinated patients with a blocking antibody to CTLA4. The infusion “stimulated extensive
tumor necrosis with lymphocyte and granulocyte infiltrates in three of three metastatic
melanoma patients and the reduction or stabilization of CA-125 levels in two of two
metastatic ovarian carcinoma patients previously vaccinated with irradiated, autologous
granulocyte-macrophage colony-stimulating factor-secreting tumor cells. MDX-CTLA4 did
not elicit tumor necrosis in four of four metastatic melanoma patients previously immunized
with defined melanosomal antigens.” Although the patient numbers here were small, the
complete concordance between prior vaccitherapy with autologous tumors (or shared
antigens) and clinical response was striking. A recent study essentially confirmed those
results, and further showed that in patients immunized with autologous vaccines, the anti-
tumor effects appeared to be dissectable from the pathological autoimmunity generated by
infusion with blocking antibody to CTLA4 (52). These results highlight the centrality of the
antigens chosen for vaccitherapy.

In spite of the considerable evidence suggesting, indeed indicating, that the protective
antigens of human tumors are individually specific, that is not a widely shared view. The
overwhelming volume of papers and reviews take it as a matter of fact that the “tumor
antigens” are normal self antigens and that the only way to immunize cancer patients
successfully, is to find ways to break tolerance. There is no rational basis for this divergence
between the data and belief. There are really no serious experimental or theoretical grounds
opposed to the concept of antigenic individuality of human tumors. One could make the
questionable case that we are culturally uncomfortable with the idea of a vast, practically un-
definable antigenic complexity and antigenic individuality that arises out of randomness! An
unwitting but real contributor to opposition to the idea of antigenic individuality of human
tumors is the pharmaceutical industry, which is arguably too comfortable with mass
production and mass marketing of one-shoe-fits-all, “well defined” drugs. As the biomedical
community has, with the best intentions, almost entirely surrendered the choices and
modalities of drug development to the pharmaceutical industry, the space for curiosity-
driven, hypothesis-driven clinical research in drug development has been steadily shrinking.
Regardless of these constraints, we hope that whether through hypothesis-driven clinical
research, or through market-driven trials and errors, we will come to harness the protective
antigens of human tumors.

(e) All targets are equal, but some are more equal than others. The key is specificity for
cancer. That does not necessarily mean specificity for cancer cells. A plethora of cancer
“targets” have been identified over the years, and most of them have gone the way of the
parchment paper. The “targets” include oncogene products like p53, and ras, telomerase, and
as classes, molecules involved in signal transduction, apoptosis, protein turnover, DNA
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repair, and other normal physiological processes. The oncogene products have drawn the
attention of immunologists, while the other targets have been targeted by developers of small
molecule inhibitors, and antibodies. The lesson regarding the oncogene products as targets
of vaccination is as follows. These are attractive targets because they are cancer-specific.
They are unattractive targets because cancers have many many ways to keep the malignant
phenotype, even if one or two specific targets such as p53 and ras mutations are eliminated.
And the possibility of vaccination against all the pathways that cells can utilize to remain
malignant, is incompatible with life. Summary: paradoxical as it may seem, targets that
appear essential for cancer cells to retain the malignant phenotype, are not good targets for
vaccination.

The lesson regarding the non-cancer-specific targets (such as signal transducers, DNA
repairers etc) is less straight forward. At the face of it, they are not cancer-specific targets;
however, we have learnt that toxicities can be acceptable and lack of specificity alone is not
a valid case. It is reasonable to believe that these targets shall follow the traditional course of
drug development, and shall become drugs or not, depending on the merits of each target
and each inhibitor tested.

Specificity however has another face, and that is, specificity for the cancer, as distinct from
specificity for cancer cells. The cancer mass contains the stroma, the blood supply,
infiltrating cells, in addition to the cancer cells. Much attention has focused on cancer cells,
and the infiltrating cells and the blood supply, howsoever unsatisfactorily. The stroma is only
now gaining its due, with the recognition of markers that are relatively specific for the
cancer stroma (53), and that destruction of stroma can eliminate even large bulky tumor
masses (54,55).

(f) Vaccitherapy must be attempted in minimal residual disease setting. In the setting of
bulky disease, vaccitherapy must be combined with immune modulation. This lesson may be
too self-evident to be written about, and we do so only because what is self-evident may be
in the eye of the beholder. Successes in vaccitherapy of pre-existing mouse tumors have been
few and far between, as previously discussed, and these have been more convincing in the
setting of micrometastatic disease rather than bulky and disseminated disease (7). One could
argue that one should attempt vaccitherapy in human clinical trials in the corresponding
setting of minimal residual disease, with the end points of time to progression or overall
survival. The problem with this approach is that no real indicator of efficacy in the minimal
residual disease setting can be achieved in Phase 1 and Phase 2 trials and the Phase 3 trials
take a very long time. The requirement of that length of time is incompatible with the
temperament and the needs of drug industry that largely controls such trials. That fact does
not augur well for trials in the adjuvant or minimal residual disease setting, precisely the
setting where vaccitherapy has the best activity.

Conversely, immuno-modulators, be they inhibitors of CTLA4 or PD1 blockade, or
depletors of T regulatory cells (56) have shown the potential to mediate regression of large
tumor masses. These agents and others of their ilk, with and without vaccitherapy, are
proceeding ahead in clinical development. There is not so much of a lesson here as a
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statement of fact, and the bias that immuno-modulators have a better chance to succeed with
than without vaccitherapy.

Conclusions

The challenges in human cancer immunotherapy today, are less conceptual and more
logistical. Several worthy approaches, with strong scientific and clinical rationales and track
records, are on the table. It is nearly certain that a judicious application of some of these
shall have a powerful impact on cancer as a clinical entity. However, the motivation to do the
necessary studies, the ownership of intellectual property and materials, the knowhow to
conduct the studies, and the resources necessary, are all highly fragmented. This might
appear at first blush, to be a rather gloomy scenario but in fact it is not. As some initial
successes, howsoever small but real, are obtained, the current fragmented picture will begin
to congeal into a more coherent scene, where more combinations will be testable, more
resources will be available to test them, and there will be sufficient patience to do what has
to be done
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Figure 1.

Groups of BALB/c mice were immunized once at the indicated time point with an
intradermal injection of 10° irradiated Meth A tumor cells. On day 0, all groups received live
tumor challenge and were monitored for tumor growth on subsequent days. Data are
presented as tumor area for individual mice in each group (5 mice per group). The lack of
any lines in the panel corresponding to “~7 day” denotes complete lack of tumor growth in
5/5 mice.
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